
A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.



LA4JR -85-674

.
LA-UR--H5-674

DE85 007678

TITLE RESONATOR OPTICAL DESIGNS FOR FREE ELECTRON LASERS

AUTHOR(S) V. K. Viswanathan, P-5

A. Saxman, P-5

G. Woodfin, P-5

HOTJCE
:9WTQW$ OF THIS REPORTARE lLLE6iBLELb —.—
ii ‘has bem reproduced from the best
available cow to permit the broadast
pus$tle Watlabllny.

SUBM:TTED TO Southwest Conference on Optics ‘85
Albuaueraue ConventIon Center
M?r;(i-i, 1985

‘rblcmportwu~um mmunt of work sponsored by M qency of the Unlmd Stateo
Oovem~t. N&l&tbe UnltdS~t a~nmmentnm~ ny~nqtbm f,wr~nyoftbolr
employoa, mska My wsrimnty, ox- or Implled, or usum- My legal liability or respond.
blllty, for the murwy, ~plot~ or umfulnao of My Irrformdoo, tppgritus, produot, or
promu dlmload, or reprauw tht h UM wwld not Infrirr@ privately ownod rights. Rob.
once heroin to my speclflc commorohl product, procau, or Mrvh by trade n~me, I rademsrk,
mmtufmxurar, or otha- d~ not ~rily ,porrstltute or Imply III endorsement, rmm-
mendmtlon, or fworfns by the Unltd Stma Oovmnmont or mry ~ncy thaeof. The dowI
snd oplnlons of ●:hort expmad herein do not n~rlly st~te or refloat tnae of the
United Stata 00vemment or any agwtoy thereof,

Br accoptanco of lhm mock Iho ouolmhcr rocogn,los Ihal m. U S 0ovarnm9nl ralams a nonemcluwvo, royally. f?~ hconso 10pubhsh or mproducc

Ih@PulllIsMo lo?m of lhlI COnl!,bullOn 0, !0 allow olhorI 10 do 10, for U s aovarnm~nl WrpOIOJ

l~m
lLOSfN1811ili10SLos.lamos,NewMexic.87548

LosAlamos National Laborator’

mluunu Uf MNmml laUnllm 4

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



U9LM

The output beam from frgm-alaotron laCCrO tandm to h 8 thin, ponoll-llk8 beam because

of ths naturo of tho Cain wolumo. for moaorbte powor CO*1O98. ●lrror io9a~o 8onaiaern-
tlons lmpl~ that Cho boaB hD9 to trsfol ●any ●aters 9@for9 it oan ●apand ●nough to ●now
retro-rmfloatlon frog ●tato-of-tho-~rt ●lrrtirm. Mouevor. usa of Braslna lnclaonoo optics
can rcsolrc t-o problom of damago to tit. optlosl ●lomnts ●na result in ● oswlty of r9a-

●onablo dlmonolono. TB. ●otloal aoslcn oonsidormtlonm ror ●oh rbsonatorm ●ro ●darsmsoa
in tnls paper. A fow of tho praotleal ro80nator ●osl~no spvrotuhlnc a:ffraetioa llmltoa

p*rformahoo ●r. pr98cntoa.

Tnc gain ●odium ror froo-oloetron lasorm 1S uouslly ● Tolumo that 1S O1OSO to ●n on-

ax~s roglon that t- thin ●na poncll liua. TtIIB rOSultS in ● oawlt~ lmngth that 1S ●any
●otors long co ●-oia eamago to opt:ual ●lements la tho oaslty, ●von Jf stato-of-tho-art
● irrors aFo usoa. In ●ddltlori to t~e length of tht oavltl. ●ttandant problama of sllgn-
●9nt oonsitlwlty, thermal ●ria ●oohanloal mtablllty of th. oarlty ●aka oarltloa of SUC~

lengths olffloult to oporato.

MCar normal lnolaanoo roflootors ●na rofraetora hmws to b. ruloa out on th9 Da81D Or

●lrrop aamsso oonsldoratlons ● lona.



u. llaltaa our ●aroh to solutions whlolt ●an se uooa ●s ●lthor a fioar ●onaontrlc rQto-
nator or ● rirk~ reaonatot. ?lSUPO 2 snows th9 ●ohonmtlo of5a near ●oaoom:i lu rommate”.
All tho Ooclgns ba?Q bcon ~aoloall~ ●orlvod ~fsm the UOltor 00nf18UF~t!On0, tad ●odlflod
for tlio PUFPOSO of ●bklnt them funotlonal ●t rosonstor ogritios. Our !Oot waa 20 •zt~nd
tho Uoltor Oonoopt to OSBOS uhoro tho ~raslng 1BO1OOI’IOO Optlos rosultm iti ● SaSnlrlOr
ulth ● largs (-29 os dlswtor) 9oam ●s the output baam whiah 1s oo:llmat~d (for the rin~

resonator) or nearly aclllmtod (for tlto near oonccntrlo roaonator).

Sumary ●nd conclusion

Tho usc of Srmslng lnoldonoo optiam (for tn. first ●lemont ot thm rosenator) for frco
●IOCtrOn lSS9r r080nat~rS ●ppOarS to 0. 8 good solution to ● difflCUit P1’obl.s. The
basic hypsrbolold-paraboloid ●olution ~as boon optimlaod, snd 10 ourrontly bolng ●anufac-
turad by tht P@r in-tlmor corporaClon.

9
U. tkope te sot up th~ oawitl doolgn doscrlbod in

ths thoso ptpors ●t Los AIBDOS and ●tudy the propmrtlum of 8uch 8 ru80nator. UC bolit~c
that this 10 tha first tlss L r~mor,ator osrlty with graxlna Inoldanao optiOD has b@cn
trlod. Tho rosultc should provo lnt~rgsting and provlao tood lnclghta for tho rtlldlty

o? eurront rosonmtor ●nalysis prosrams ●nd I?!lp us und~ratmnd tho ~ratln~ inc!dancc reso-
nator prop9rtlos.
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Tablo 1. Conotruotlon Pwcmotora for tariouB 61~otmo

malf
Covltp 8180

Length

81s0

(08) Aro

8) (J]

maalus (on) A?,

08) w ~e,!l
#aalua

xx x (09)

~ye.rBolold/Psrabolo19 Configuration
29 oa Dlamowr Output Seam

aa.s 67.s a 0.0 423.0 S.06 . 316.1 s 82.1 10,8s1 30.0
23.4 12.9 a 6.5 375.6 2,11 390 s 93.0 9,621 12.s
18.9 44.9 x $.3 187.0 3.38 263.4 s 39.1 1.261 25.C

CSlind9FlCJlindw Confi8urstion
25 om Diameter Output

3b 260 s 24 4,984 2152 272 x 25 5,347 -040.3

UYp8rbolm/Parabola Conflguratlon
25 e, Diameter Output

38 259 E 24 4,882 3278.h 272 x 25 5,341 -752.8

Half Di8plaocmcnto Botwoon
Caviky Lost Two Elcmonto AhJIO of Inc.

I,ongth Ay AZ # 9
(m) (m) (8) mirror 1 Mirror 2

Hyporbolo!d/?arobolole Configuration
2S om D!mmetor Output Beam

28.s
23.h
18.9

2.6 13.3 85.2’
1.4 9.9 06.3”
2.2 11.6 85.2

:?llndOr/CYllndQr ConflgurBtion
25 om 01am8t*r Output

.277 1.57U 0s”

Hyporbolsl?arabols Confl#uration
25 om Dlamotor Output

.296 1.7 05”

05’

85”

Tablo 2. Rooonotor Telormnoo Study
AIIgnm@nt Tolcranoo to Contorlina uith Eff@ctlrQ Zero OPD

.0005° Dooolllmatlon

Covlty Cavity Radluo
coo 9 onath Tolqrgnoo (rob) !(m)

Hypcrbolold/Ptrabolold 70 ● *.70 :.075
Cyilndor/Cyllndor 90 8 ●33.0, -31.5 +,075, -.072
CylindOr/Cyllnd.r 70 ● ●64.8, -62.0 ●,145, -,lho
Hyp@rbela/Parabola $0 ● ●33.0, -32.5 ●*001, -.ooe

.000050 D9001Almrtion
.

Hyporbolo10/Paraboloid 70 ● ● .70 $.0019
CyLlndor/Cyllndor 50 ● ●M, -2.5 ●.009, -.oo6
Cyllndor/cyllnaor 70 8 ●7.8, -5.0 ●,012, -.017
Hyp.rbolt, Parabola 50 8 ●3.S, -3.2 ●.0086, -.008
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Mm BlosAaoM*nto ●t Boom D19Diaoo90ntm ●t

RIPFOF so. t mirror So. a

c~vltv ID 1 ID 1 Badlua TD ~ XD ~

●OO09Q Sooosllmtion

,~p@rbolold/Paraboloid
Cylktidor/Cyllndar
CJliador/CyllRd9r
Uyporbola/Parabola

70 ●

509
To “n

50 8

81.1 *1.1 :1.Z
az.ss *.OZ ●.093, -.097
9.36 8.031 ●.1T6, -.l~~
8.Z5S $.D2 ●.1050 -.108

.000050 Dooollimatlon

*.11 *.11 ●.IZ
$.0255 t.oo19 ●.008, -.011
a*0355 ●.ooas ●.022, -.ol~
a.ozs!! t.ooz ●.01, -.011

8.099
9.259

●.OJIO -,066
8.295

*.00M
*.0Z55
*.0359
s.0256

?abl@ 3. Dotallm et Nyporbololdt?arabolold Sy8toa

FEL Froht Wyp. (23.4H 1/2 cavity 7-18-83)

Surf
o

:
3
4
5
6
7
0
9

10
11
12

RD
0.000000
0.000000
0.000000

21.\lkh40
0.000000
0.00D0OO
0.000000
0.000000

12s.000000
0.000000
0.000000
0.000000
0.000000

.312S::E*05

-.187500E*05
8625.000000

10.951949

9375.000000
-9375.000000

0.000000
-62.500000

0.000000
625.000000

.312500E*05
625.000000

o.booooe

moaitm Ru DF
Air
Air
Alr
TCFL
Alr
Alr
Air
Alr
?EFL
Alr
Plr
A!r
Alr

CC ●nd Asphoric D@tm

surf cc AD &c
3 -.1OO2OE*O1
B -.1OOOOC*O1

A? AG ‘

Tilt ●nd DEC Data

Surf Type Td 10 Alpha Beta Uawna
Tilt 0.00000

:
0.00000 0.0000 0.0000 0.0000

Tilt 0.00000 0.00000 0.0000 0.0000 0.0000

R@f OJti HT Rot AP HT OBJ 8UPT Rat SurT
125000E.21

Imu Surf
. ( -.00 DC) 1.25000 0 1 12

EFL BF’ F/NBR Lorigth OID T-Mac
1250B5.0063 625.0000~~~~’’o~~ S044B.0519 53573.0519-18530.270111

Wsvl Nbr 1 2 3 4 5
WavolQngth .58756 .48613 .65627 .4358U .70652
Sp~atral Ut 1.0000 1,0000 1.0000 1.0000 1.0000

a.09
8.023
*.035
s.023

*.009
:.0022
e.oo28
t.oo23

MO Aperture Stop
Lono Unlto ArQ MM
Evtluhtion Mod. 11 ●toeal
Control Ulvtlcngth 10 1
Primary Chro~atlo UarQlon8thS ●ra 2 - 3
Sacondary Chronmtlc ~avoion~tha sro 2 - 1
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1. CVLINORR/CYLIWOkR

2. HYPERDOLA/PARADOLA

3. MVPERBOLOID/PAR ABOILOIO

FIWRE 2

NEAR COMCEUTRIC

ORAZINf&lMClORNCE MlnROR8

RRSOUATOR

WWRACT10MQRATlM6 7


